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Abstract – The objective of this work was to evaluate the influence of ryegrass (Lolium multiflorum) managements 
on the physical properties of a Haplohumox, and on the yields of corn and of ryegrass cultivated in succession 
to corn. The experiment was carried out in a randomized complete block design, with three treatments and 
three replicates, in which treatments were the different managements of ryegrass under no-tillage for silage, 
soil cover, and grazing. After nine years of management, samples were collected at 0.00–0.05, 0.05–0.10, 0.10–
0.20, and 0.20–0.30-m soil depths, to determine the following soil properties: texture, total organic carbon, 
soil bulk density, macroporosity, microporosity, total porosity, and resistance to root penetration. The index of 
structural stability was estimated from texture and total organic carbon data. Maximum soil bulk density and 
permanent wilting point were also estimated from pedotransfer functions. Corn and ryegrass dry matter yields 
were determined from plants harvested inside the plot area. Total organic carbon content increased as depth 
increased. The ryegrass managements in no-tillage system, in succession to corn, does not influence the soil 
physical properties of a Haplohumox, and maintains high corn and ryegrass yields.
Index terms: Lolium multiflorum, no-tillage system, soil physical quality.
Influência de manejos de azevém sobre as propriedades 
físicas de um Latossolo Bruno
Resumo – O objetivo deste trabalho foi avaliar a influência de manejos de azevém (Lolium multiflorum) 
sobre as propriedades físicas de um Latossolo Bruno e sobre a produção de milho e de azevém em sucessão 
ao milho. O experimento foi realizado em blocos ao acaso, com três tratamentos e três repetições, em que 
os tratamentos foram os diferentes manejos do azevém, em sistema plantio direto, para silagem, cobertura 
do solo e pastejo. Após nove anos de manejo, coletaram-se amostras a 0,00–0,05, 0,05–0,10, 0,10–0,20 e 
0,20–0,30 m de profundidade do solo, para a determinação dos seguintes atributos: textura, carbono orgânico 
total, densidade, macroporosidade, microporosidade, porosidade total e resistência à penetração de raízes. 
O índice de estabilidade estrutural foi estimado a partir dos dados de textura e carbono orgânico total. A 
densidade máxima do solo e o ponto de murcha permanente também foram estimados a partir de funções de 
pedotransferência. As produtividades de massa de matéria seca do milho e do azevém foram determinadas a 
partir da colheita na parcela. O conteúdo de carbono orgânico total aumentou com o aumento da profundidade. 
Os manejos do azevém em plantio direto, em sucessão ao milho, não influenciam os atributos físicos do 
Latossolo Bruno e mantêm altas as produtividades de milho e de azevém.
Termos para indexação: Lolium multiflorum, sistema plantio direto, qualidade física do solo.
Introduction
No-tillage system (NT) usually subjects the soil 
to high-traffic load, soil disturbance in sowing row, 
and the alternation of summer and winter crops, 
which may cause soil compaction (Mentges et al., 
2016). Compaction is often reported in soils under NT 
(Moraes et al., 2014, 2016), which can damage the soil 
physical quality due to air availability, reduction of 
water and nutrients available to the plants, reducing the 
volume of soil explored by the roots, as a consequence 
of the increased bulk density and resistance to root 
penetration (Silva et al., 2014).
However, some authors report that the presence of 
straw on the surface, characteristic of NT, can attenuate 
the effect of reducing the soil physical quality over 
time (Rosim et al., 2012; Moraes et al., 2016). Rosim 
et al. (2012) evaluated the resistance to root penetration 
(RP) in a Hapludox of a clayey texture under different 
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amounts of millet straw (Pennisetum glaucum) in 
NT, and concluded that the treatment with greater 
amount of straw provided less soil RP. According to 
the authors, the surface straw contributed to dissipate 
machinery traffic energy, besides promoting increase 
of soil moisture, which favors the reduction of RP. 
Despite the benefits resulting from de presence crop 
residues on the soil, in the region of Campos Gerais, in 
Paraná state, Brazil (one of the most important dairy 
basins and the most productive one in Brazil (Paraná, 
2016), cattle farmers remove the plants from the soil 
in the vegetative phase for the production of silage. 
In these regions, corn (Zea mays) cultivated during 
the summer is the most used crop for the production 
of silage (Mendonça et al., 2014). However, in order 
to keep the soil covered and to obtain extra income 
during the corn off-season (winter), it is common to 
sow forage, from which brachiaria (Urochloa spp. ‒ 
Syn. Brachiaria spp.) is the most used one in tropical 
climates (Mendonça et al., 2014), and ryegrass (Lolium 
multiflorum Lam.), the most common one in soils of 
temperate regions (Petean et al., 2010; Auler et al., 
2014). Corn-ryegrass succession is largely used for 
the production of silage in no-till system, in the dairy 
basin of Castro, PR, Brazil, in which ryegrass has been 
used by its adaptation to the region’s climate, and to 
provide more than one cut per crop due to tillering and 
regrowth after the first cut.
Another common practice is to subject the crop 
to off-season grazing, which allows of cattle to gain 
weight, and the better use of the soil and crop, which 
avoid silage production costs (Petean et al., 2010; 
Mendonça et al., 2014). However, in both grazing 
and silage production, the soil is subjected to loads 
that may compromise its physical quality. Auler et al. 
(2014) assessed the soil physical properties of a clayey 
Haplohumox after seven years under NT for ryegrass 
grazing and silage usage, and they did not observe a 
significant difference between treatments in the bulk 
density and soil moisture, at 0.00-0.10 m soil depth. 
The authors attributed this result to the good structural 
condition that the treatments promoted to the soil 
during seven years due to the absence of rotation and 
to the presence of roots in the surface layer. However, 
the authors did not assessed the soil physical properties 
that allow of the specific evaluation of the soil structure. 
Detailed evaluations of soil physics are necessary to 
verify the influence of ryegrass management on the 
physical quality of Haplohumox, mainly on a long 
term basis.
Therefore, long-term experiments may be the best 
way to evaluate soil physical attributes in the different 
uses and managements in NT, since those effects on 
the attributes can take years to be detected (Reichert 
et al., 2016) or not detected. In soils managed in 
stable NT, for which there are no significant attribute 
variations over time, the soil bulk density and RP 
tend to decrease because of the total organic carbon 
(TOC) increment, mainly in the surface layer, due to 
the presence of straw and to root system preservation 
of the plants (Auler et al., 2014).
In order to conclude which management systems 
can be adopted in a given region, it is recommended to 
evaluate the crop performance and yield. Auler et al. 
(2014) observed that the uses of ryegrass as coverage, 
silage, or for grazing purpose in NT promoted the 
reduction of porosity, and the increase of soil bulk 
density, concluding that these treatments decreased 
the soil physical quality; however, these authors did 
not evaluate the crop yield. In this context, evaluations 
that disregard the biotic factors can reach partial 
conclusions about the real influence of these treatments 
on the crop yield.
The objective of this work was to evaluate the 
influence of ryegrass management on the physical 
properties of a Haplohumox and on corn and ryegrass 
yields.
Materials and Methods
The studied area is located in the municipality 
of Castro, Campos Gerais, PR, Brazil (24°47'53"S, 
49°57'42"W, at 996 m altitude). The climate of 
the region, according to the Köppen-Geiger’s 
classification, is temperate humid (Cfb), with 
occurrences of frost in the winter, and 25ºC maximum 
and 5ºC minimum average annual temperatures. The 
accumulated rainfall in the agricultural year 2013/2014 
is presented in Figure 1. The relief is slightly undulated, 
and the soil of the experimental area is a typical clayey 
Dystrophic Haplohumox [Latossolo Bruno distrófico 
típico, according to the Brazilian soil classification 
(Santos et al., 2006)]. The soil texture, determined 
by the densimeter method of Bouyoucos, showed the 
following characteristics at the layers: (0.00-0.05 m), 
442 g kg-1 clay, 128 g kg-1 silt, and 430 g kg-1 sand; 
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(0.05–0.10 m), 478 g kg-1 clay, 117 g kg-1 silt, and 405 g 
kg-1 sand; (0.10–0.20 m) 497 g kg-1 clay, 104 g kg-1 silt, 
and 399 g kg-1 sand; (0.20–0.30 m), 528 g kg-1 clay, 99 
g kg-1 silt, and 373 g kg-1 sand.
The soil chemical properties, determined prior to 
the installation of the experiment in March 2004, were: 
(at 0.00–0.10 m soil depth), 4.7 pH (CaCl2), 72 mmolc 
dm-3 H+Al, 1 mmolc dm-3 Al, 37 mmolc dm-3 Ca, 10 
mmolc dm-3 Mg, 4.8 mmolc dm-3 K, 132.2 mmolc dm-3 
CEC, 85 mg dm-3 P, 29 g dm-3 TOC, and 42% V; and (at 
0.10-0.20 m soil depth), 4.6 pH (CaCl2), 72 mmolc dm-3 
H+Al, 2 mmolc dm-3 Al, 22 mmolc dm-3 Ca, 8 mmolc 
dm-3 Mg, 2.7 mmolc dm-3 K, 104.2 mmolc dm-3 CTC, 
44 mg dm-3 P, 24 g dm-3 TOC, and 31% V according to 
Auler et al. (2014).
Until the 1960s, the experimental area was under 
native vegetation; from then on, it has been used for 
agriculture, with two crops a year, wheat (Triticum 
aestivum) in the winter and soybean (Glycine max) in 
teh summer. Soil preparation was conventional, with 
two plowings and a harrowing, at the 0.00–0.20 m soil 
depth, until the set of the experiment in March 2005.
The experiment was carried out with different 
ryegrass managements under no-till (NT), in 
succession of corn, in a randomized complete block 
design with three treatments and three replicates, and 
each plot occupied an area of 100 m2 (10x10 m). The 
treatments consisted of silage ryegrass, ryegrass left as 
soil cover, and ryegrass for grazing. Lime was surface 
applied at 5,360 and 8,360 kg ha-1, in the beginning of 
the experiment and in March of 2009, respectively. In 
all treatments, ryegrass and corn were sown in the last 
fortnight of May, and in the first fortnight of October, 
respectively. Annually, 20 kg ha-1 corn seed were sown 
at seeding depth up to 0.03 m, with 0.80 m spacing 
between rows, using a no-till seed-fertilizer.
Nitrogen fertilization on corn culture was 
performed with 165 kg ha-1 on installment, and the 
first application was 40 kg ha-1 15-30-0 N-P2O5-K2O, 
at sowing, and 25-00-25 N-P2O5-K2O, at the V4 stage 
of the culture. Phosphorus and potassium were applied 
to the planting furrow at 80 kg ha-1 P2O5 and 125 kg 
ha-1 of K2O. For the control of weeds 600 g ha-1 of the 
herbicide nicosulfuron were applied on plants in the 
post emergence, at the crop stadium V3.
In February, corn was mechanically harvested 
for silage, when grains were milky, or solid with 
starch. The soil was kept in fallow until the sowing of 
ryegrass, in the first half of May. The ryegrass sowing 
occurred annually, using a no-till fertilizer, 60 kg ha-1 
seed at 0,03 m soil depth, and 0,17 m row spacing. For 
the ryegrass cultivation, in all harvests, 200 kg ha-1 of 
the formulated N-P2O5-K2O 10-20-20 were applied as 
basic fertilization, and 120 kg ha-1 N and 36 kg ha-1 
K2O were applied during the tillering phase. The 
treatment of ryegrass for silage received more 55 kg 
ha-1 N after the first cut, in order to provide two cuts 
per crop. Corn-ryegrass succession occurred annually 
from May 2005 until May 2014, when the experiment 
completed nine years.
In the treatment of ryegrass for silage, plant cutting 
occurred when the crop reached about 0.30 m height, 
at 0.10 m above the soil, with a silage machine. In 
the treatment of ryegrass for soil cover, plants were 
desiccated with glyphosate (1200 g ha-1), when plants 
reached 0.30 m height, and shoots and roots were 
kept on the soil until corn planting. In the treatment 
of ryegrass for grazing, cattle was managed in a 
rotational grazing system with European dairy cattle 
(Dutch cattle breed); the animal stocking rate adopted 
was 3 AU for seven days, or until ryegrass reached a 
height lower than 0.10 m. Cattle returned to the area 
at 21-day-intervals. After the last cut of ryegrass for 
silage, and the last pasture of grazed ryegrass, plants 
were kept on the soil for 20 days, and then desiccated 
with glyphosate, as previously described.
After the summer harvest, on March 2014, deformed 
soil samples were collected at three points in the plot 
area, in the corn sowing row, at 0.00-0.05, 0.05-0.10, 
0.10-0.20, and 0.20-0.30 m soil depths. In the same site 
and layers, undisturbed soil samples were collected in 
volumetric metal cylinders (≈97 cm3), totaling 108 
deformed and undisturbed samples. The undisturbed 
samples were packed and sent to the laboratory, and 
Figure 1. Accumulated rainfall in the evaluation period of 
the experiment, from March 2013 to March 2014.
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then packed in plastic film and maintained in cold 
rooms (±5°C) for 15 days, in the absence of light, 
until processing. From the deformed samples, the 
total organic carbon content (TOC) was determined 
by chemical attack of sodium dichromate in sulfuric 
medium.
After the sample processing, which had the objective 
of eliminating the excess soil from the cylinder edges, 
the undisturbed samples were saturated with water, 
weighed, and subjected to the potential of -100 hPa in a 
Richards chamber. After the equilibrium, the samples 
were weighed, and subjected to the determination 
of resistance to root penetration (RP), using a 
penetrometer with 4 mm cone diameter, 60° angle, 
and 50 mm stick height. The cone tip was inserted 
into the center of the undisturbed sample at 0.001 m s-1 
speed, and the data were obtained by an automatic data 
acquisition system (Tormena et al., 1998). Then, the 
samples were dried in an oven at 105°C, for 24 hours. 
Soil bulk density (ρS) was obtained by the ratio of 
dried soil mass and the cylinder volume. Total porosity 
(TP) was obtained from the difference of saturated soil 
mass and dried soil mass, divided by the volume of the 
cylinder. The microporosity (micro) was determined 
from the difference of the mass of moist soil after the 
equilibrium at -100 hPa and the mass of dried soil, 
divided by the cylinder volume, and macroporosity 
(macro) by the difference of TP and micro.
The soil relative density (ρR) was determined by 
the ratio of ρS and the maximum soil bulk density 
(ρM). For this, ρM was estimated by the function 
ρM = 2.03133855 - 0.00320878 × OM - 0.00076508 × clay, 
proposed by Marcolin & Klein (2011), and estimates ρM 
in function of the clay content and soil TOC, for each 
analyzed sample. The function has been successful 
in the ρM estimation due to its accuracy and ease of 
obtaining the estimated data (Drescher et al., 2016).
The volume of available water (AW) was the 
volume of water in the soil between the field capacity 
(FC) and the permanent wilting point (PWP). The FC 
was determined at the potential of -100 hPa (Haise 
et al., 1955; Tormena et al., 1998; Petean et al., 2010; 
Moraes et al., 2016), while PWP was estimated 
by the function, proposed by Klein et al. (2010), 
PWP = 0.0003 × clay + 0.0118, which has been used to 
estimate the PWP, considering that the determination, 
when done in the chamber of Richards, can take 
months for clay soils.
The soil structural stability was evaluated by 
the structural index (SI), according to the equation 
proposed by Reynolds et al. (2009) SI = [(TOC × 1.724)/
(clay+silt)] × 100, in which TOC is measured in g dm-3, 
clay and silt contents are measured in g kg-1, and 1.724 
is the constant to convert TOC into soil organic matter 
(OM).
The data were subjected to the normality test of 
Shapiro-Wilk and to the analysis of variance. When 
statistical difference was detected, the comparison 
between means was performed using the Tukey’s test 
at 5% probability.
Results and Discussion
The total organic carbon (TOC) levels were the 
same among treatments at 0.00–0.05 m soil depth; 
even for ryegrass left as soil cover, there was no greater 
contribution of TOC in this layer (Table 1). The absence 
of difference of TOC between treatments could be 
associated with the higher rate of straw decomposition 
in the first centimeters of the soil, since plant densities 
of corn and ryegrass were similar, providing the same 
addition of TOC in the 0.00–0.05 m (Piva et al., 2012). 
However, at 0.05–0.10; 0.10–0.20, and 0.20–0.30 m soil 
depths, the TOC levels were affected by treatments.
Ryegrass for silage and ryegrass left as soil cover 
provided a higher-TOC content at 0.05-0.10 m soil 
depth in comparison to ryegrass for grazing, possibly 
due to the higher volume of roots maintained in this 
layer (Table 1). The highest volume of roots of ryegrass 
left as soil cover is due to the presence of straw on 
the surface; and, in ryegrass for silage, the highest 
root volume was due to the fertilization of the cover 
to produce two cuts. Thus, there was a greater mass of 
roots in these treatments, which were the main sources 
of TOC in depth (Shahbaz et al., 2017).
The grazing ryegrass showed the lowest-TOC value 
in comparison to the other treatments, probably due 
to animal trampling action, which may have impaired 
growth and root development between 0.05-0.10 m 
depth. Generally, this layer suffers most by trampling, 
which affects the soil structure (Debiasi & Franchini, 
2012), however, grazing systems stimulate root 
growth in depth (Petean et al., 2010; Oliveira et al., 
2016), increasing TOC in soil deeper layers. This was 
observed at 0.10–0.20 and 0.20–0.30 m soil depths, 
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where there was no difference between ryegrass for 
silage and grazing ryegrass (Table 1).
These results are due to the higher fertilization 
of ryegrass for silage and grazed ryegrass, both 
stimulating the growth and development of roots. TOC 
in silage ryegrass and ryegrass left as soil cover were 
not different below 0.05 m depth. In this case, ryegrass 
straw maintained in ryegrass left on the soil surface 
promoted a TOC increase similar to that in ryegrass 
for silage, in this layer, which resulted in the increase 
of nutrient availability due to a greater fertilization. 
Nevertheless, root growth stimulus due to grazing 
provided a higher-TOC increment in the deeper layers, 
corroborating the findings by Petean et al. (2010).
The ryegrass managements provided an increase 
of TOC content in Haplohumox in comparison to the 
contents determined in 2004 of 29 g dm-3 (at 0.00-0.10 m 
soil depth) and 24 g dm-3 (at 0.10-0.20 soil depth), before 
the experiment installation, resulting in an increasing 
of COT content of 10 and 5%, at 0.00-0.10 m and 
0.10-0.20 m soil depths, respectively. This increase 
were attributed to the maintenance of the root system 
of ryegrass and corn into the soil over nine years of 
experiment, and due to the absence of tillage provided 
by NT.
There were no differences for mean values of ρS 
among treatments at all evaluated soil depths, which 
evidences that the traffic of machinery and animal 
trampling on ryegrass for silage and on grazed ryegrass, 
respectively, did not compromise ρS in relation to C 
that received less load. Another factor that should be 
considered, in order to avoid significant differences 
in ρS, is the high-TOC value on the soil surface layer 
(Auler et al., 2014). It is known that TOC reduces ρS of 
soils because it dissipates the energy of the machinery 
traffic and animal trampling (Reichert et al., 2016), and 
contributes to soil structuring, aggregation of mineral 
particles, and formation of more stable aggregates 
(Oliveira et al., 2016).
Table 1. Mean values of total organic carbon (TOC), soil bulk density (ρS), estimated maximum density (ρM), relative soil 
density (ρR), macroporosity (Macro); microporosity (Micro), total porosity (TP), available water (AW), and structural index 
(SI) of a Haplohumox, subjected to different ryegrass managements, in a no-tillage system(1).
Treatment TOC ρS ρM ρR Macro Micro TP AW SI
(g dm-3) ------(kg dm-3)------ ------(m3 m-3)------ ------(m3 m-3)------ (%)
0.00–0.05 m
Ryegrass for silage 43.90ns 1.34ns 1.56ab 0.86ns 0.09ns 0.43ns 0.52ns 0.29ns 13,16ns
Ryegrass as cover 45.83 1.28 1.59a 0.81 0.11 0.42 0.53 0.29 13,63
Ryegrass for grazing 43.86 1.24 1.52b 0.81 0.10 0.41 0.51 0.26 13,33
CV (%) 4.15 8.69 2.58 9.35 31.93 12.42 9.26 21.05 4,98
MSD 2.17 0.13 0.05 0.09 0.04 0.06 0.06 0.07 2,55
0.05–0.10 m
Ryegrass for silage 33.96a 1.32ns 1.57ns 0.84ns 0.09ns 0.40ns 0.49ns 0.25ns 10,33ns
Ryegrass as cover 34.90a 1.34 1.56 0.87 0.10 0.40 0.50 0.24 9,67
Ryegrass for grazing 31.70b 1.37 1.56 0.88 0.11 0.41 0.52 0.24 8,80
CV (%) 5.22 4.50 1.57 4.42 31.39 6.82 5.54 12.30 8,99
MSD 2.06 0.07 0.03 0.05 0.04 0.03 0.03 0.04 3,09
0.10–0.20 m
Ryegrass for silage 31.23a 1.34ns 1.56ns 0.86ns 0.10ns 0.41ns 0.51ns 0.25ns 9,09ns
Ryegrass as cover 28.46b 1.30 1.56 0.83 0.12 0.39 0.51 0.23 8,65
Ryegrass for grazing 28.70ab 1.31 1.54 0.85 0.12 0.39 0.51 0.23 9,13
CV (%) 7.73 3.43 2.47 4.86 26.47 9.03 5.53 15.40 13,77
MSD 2.68 0.05 0.04 0.05 0.03 0.04 0.03 0.04 2,71
0.20–0.30 m
Ryegrass for silage 25.33ab 1.27ns 1.55ns 0.82ns 0.11ns 0.41ns 0.52ns 0.24ns 6,95ns
Ryegrass as cover 22.70b 1.25 1.55 0.81 0.15 0.40 0.55 0.23 6,22
Ryegrass for grazing 26.23a 1.26 1.54 0.82 0.13 0.39 0.52 0.22 7,25
CV (%) 10.20 4.40 2.19 4.16 24.70 7.93 6.25 12.75 12,41
MSD 2.97 0.06 0.04 0.04 0.04 0.04 0.04 0.03 1,92
(1)Means followed by equal letters do not differ, by the Tukey’s test, at 5% probability. MSD, minimum significant difference. nsNonsignificant.
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Ryegrass managements did not promote significant 
differences on macro- and microporosity and on 
TP of the soil, in all evaluated layers (Table 1). 
Macroporosity values ranged from 0.09 to 0.15 m3 m-3, 
maintaining sufficient porosity for the water drainage 
and aeration of the root system. From these results, it 
may be inferred that ryegrass managements did not 
affect these attributes because the root system of the 
crops was maintained in the soil during the whole 
period. This fact may be explained by the existence of 
biopores formed by root decomposition that promotes 
the increase and maintenance of macropores. Contrary 
to what has been frequently reported for soils under 
NT, as caused by the absence of tillage, combined with 
the intense traffic of machinery in the soil (Chen & 
Weil, 2011). However, Silva et al. (2014) evaluated the 
physical properties of a clayey Haplohumox (595 g kg-1 
clay), managed in NT with a crop-livestock integration 
for 21 months, and concluded that the system caused no 
significant changes on the attributes after this period.
Auler et al. (2014) evaluated the soil physical 
properties after seven years of implantation of this 
same experiment, and also observed no significant 
differences on the macroporosity, microporosity, and 
TP between treatments. However, the authors observed 
lower values of macroporosity than those determined 
in the present study (0.08-0.12 m3 m-3), which evidences 
that this attribute had a small increment over time, 
with average values very close to or above the limit of 
0.10 m3 m-3, which does not compromise the physical 
quality of the as for soil aeration. The rotational 
grazing system, as it happened in this experiment, has 
a little, negative impact on the physical quality of the 
soil because it subjects the soil to the load for short 
periods, providing recovery of eventual losses during 
fallow (Kuntz et al., 2013). These authors concluded 
that this type of grazing did not compact a typical 
clayey dystrophic Hapludox (585 g kg-1 clay) conducted 
for 12 years in NT.
The estimated ρM showed difference only at the 
0.00-0.05 m soil depth (Table 1). The low amplitude 
of this variable (0.07 kg dm-3) has been reported and 
attributed to high-TOC levels in soils (Luciano et al., 
2012), mainly for soils under NT.
The managements did not affect the relative soil 
bulk density (ρR) of layers, and the mean values 
of ρR within the range considered ideal for plant 
development is 0.80-0.90 (Marcolin & Klein, 2011; 
Drescher et al., 2016). Low values of ρR, that means 
very loose soils, can compromise the water retention 
and soil-seed contact, reducing the plant growth and, 
consequently, the productivity (Mentges et al., 2016). 
Drescher et al. (2016) evaluated the ρR of a typical 
clayey dystrophic Hapludox, under NT, cultivated with 
corn-wheat succession for 27 years, using the same 
methods adopted in the present study. These authors 
observed that ρR up until 0.89 did not compromise 
the development of plants, mainly the wider and 
aggressive root system of grass, in comparison to other 
agricultural crops, such as soybean.
The managements did not promote differences for 
soil AW, despite ryegrass left as cover and grazed 
ryegrass that improved TOC content at 0.20–0.30 m 
soil depth; and no higher AW volume was observed 
in any treatment (Table 1). The observed result can 
be attributed to the use of two species of plants (corn 
and ryegrass) only. According to Bhattacharyya et al. 
(2006), cultivation systems with higher-plant diversity 
confer a greater availability of water to plants. Moraes 
et al. (2016) did not observe significant differences 
in the AW of a very clayey dystroferric Hapludox 
(755 g kg-1 clay), on two NT conducted over 24 years 
(wheat-soy and corn-oats), attributing the results to the 
presence of two species, provided by the succession 
of crops. The authors inferred that a system of crop 
rotation (with great plant diversity) would be more 
beneficial to increase soil AW than crop succession.
In the present study, AW values evidence that the 
physical quality of the Haplohumox nine years after 
was not compromised. According to Reynolds et al. 
(2007, 2009), AW higher than 0.20 m3 m-3 is indicative 
of soils with good physical quality, and AW above 
this value did not compromise the crop development 
and is indicative that the management did not affect 
the soil structure to the point of compromising the 
water availability to the plants. The high-TOC content 
at 0.00-0.05 m soil depth may have favored the result 
observed in the present study, as the TOC favors the 
water retention, either by retaining water molecules on 
its specific surface, or by improving the soil structure 
and aggregation (Saxton & Rawls, 2006). Thus, it can 
be inferred that soils with high levels of TOC in the 
upper layers can show AW volume similar to that of 
the deeper layers.
The SI did not show statistical difference among 
the treatments in all studied layers (Table 1). As SI 
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is an indicator of risk of erosion, the structure of the 
Haplohumox is stable. According to Reynolds et al. 
(2009), SI higher than 7% is indicative of soils with an 
optimal structure stability and “low risk of erosion”. 
Although the SI values at 0.20-0.30 m soil depth are 
lower than 7%, indicating “moderate risk of erosion”, 
these results have a little, practical effect, as the layer 
0.20-0.30 m is little affected by NT operations in 
relation to the risk of erosion. In addition, SI values 
lower than 7%, at 0.20-0.30 m soil depth are attributed 
to the lower amount of TOC in this layer, which 
influences the SI.
The RP determined at the field capacity did not 
show significant differences between the treatments, 
at the different layers studied (Figure 2). The values 
observed in the present study are below the critical 
limit for the development, which is 3.5 MPa. This value 
has been used as a limiting factor for root growth, in 
soils under NT (Moraes et al., 2014; Silva et al., 2014), 
due to the presence of biopores that favor growth of 
roots with low-mechanical resistance (Moraes et al., 
2017). In a dystroferric Hapludox, Moraes et al. (2014) 
evaluated the effect of different RP values on the crop 
productivity in two NT (wheat-soy and oat-corn), and 
concluded that the PR of 3.5 MPa can be adopted as 
a limiting factor to root growth in soils with water 
contents close to that of the field capacity.
Higher-RP values in the upper layers can be attributed 
to the greater cohesive strength and greater internal 
resistance of the aggregates, which are common in NT. 
Moraes et al. (2017) pointed out that, over the years, 
soils under NT tend to have a harder structure because 
of the particles arrangement, absence of tillage, and 
better aggregation that result from the contribution of 
TOC. This fact can promote high values of RP even 
under conditions of low ρs and high water content.
The dry matter mass (DMS) yield of ryegrass was 
lower in the grazed ryegrass than in the silage ryegrass 
and ryegrass for cover (Table 2). Grazing systems tend 
to have lower yields of DMS in comparison to silage 
systems, since selective pasture by the cattle, which 
maintains the leaf area, reducing the tillering rate of 
ryegrass and, consequently, the DMS (Barth Neto 
et al., 2014). The ryegrass yield in the present work 
was superior to that determined by Barth Neto et al. 
(2014) in a medium-textured Paleudult, in the state 
of Rio Grande do Sul, Brazil, under NT. Although 
ryegrass grazed showed the lowest-DMS value, it did 
not compromise the development of cattle, and did not 
cause damages to the production system.
The DMS of corn was not significant among 
managements, showing values of 11,760-17,260 kg 
ha-1, as also obtained by Mendonça et al. (2014), due 
to the fact that the sowing season and fertilization 
occurred according to the recommendation for the 
crop during all harvests (Piva et al., 2012; Auler 
et al., 2014). According to Oliveira et al. (2011), corn 
for silage productivity has a great influence from the 
corn cutting height; these authors evaluated the silage 
yield of several corn hybrids produced in a dystroferric 
Hapludox, in Maringá, PR, Brazil, and obtained values 
from 14,560 kg ha-1, when the cut occurred at 15 cm, 
and 13,000 kg ha-1, with the at 0.35 m height.
Some physical factors that directly limit the root 
growth (water availability, resistance to penetration, 
and aeration) did not reach critical values in the 
present study, which may have favored the high-crop 
Figure 2. Mean values of soil resistance to penetration (RP) 
at field capacity, in a Haplohumox subjected to different 
ryegrass managements in no-tillage system. nsNonsignificant 
difference, by the Tukey s´ test, at 5% probability.
Table 2. Mean values of dry matter mass yield (DMS) 
of ryegrass (Lolium multiflorum) and corn (Zea mays), 
determined in the crop season of 2013/2014, in a 
Haplohumox(1).
Treatment Ryegrass Corn
---------------(kg ha-1)---------------
Ryegrass for silage 5,638a 15,770ns
Ryegrass as cover 5,151a 15,664
Ryegrass for grazing 3,719b 15,558
Coefficient of variation (%) 8.06 14.95
(1)Means followed by equal letters, in the columns, do not differ, by 
Tukey’s test, at 5% probability. nsNonsignificant.
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productivity. Thus, the management of ryegrass for 
cover, grazing, or silage, compromises neither the soil 
physical quality nor the crop development, favoring the 
increase of TOC and improvement of soil structure.
Conclusions
1. The ryegrass managements in no-tillage system, 
in succession to corn, increment the total organic 
carbon in depth of a Haplohumox.
2. The ryegrass managements in no-tillage system, 
in succession to corn, does not influence the soil 
physical properties of a Haplohumox.
3. The ryegrass managements in no-tillage system, 
in succession to corn in a Haplohumox, maintain high-
corn and ryegrass yields.
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